Liver membrane adenylate cyclase. Synergistic effects of anions on fluoride, glucagon, and guanyl nucleotide stimulation.
Some effects of salts on the adenylate cyclase of partially purified plasma membranes from rat liver have been studied. Under conditions where cyclic adenosine 3':5'-monophosphate formation was linear with respect to time and protein concentration, the enzyme was stimulated 3- to 6-fold by 10 mM NaF, 10- to 30-fold by 1 muM glucagon, 4- to 5-fold by 0.1 mM 5'-guanylylimidodiphosphate, and in the presence of 3 muM GTP, 2-fold by 10 mug/ml of prostaglandin E1. Various salts were found to stimulate basal activity slightly, but enhanced the response to NaF 3- to 4-fold, to glucagon 1.5- to 2-fold, to 5'-guanylylimidodiphosphate 2- to 3-fold, and to prostaglandin E1 1.5-fold. This enhancement was observed at maximally effective concentrations of each of the respective activators. Of the salts tested, NaN3 and the Na- or K-halides were most effective. Their action appeared to be due to the respective anions. Stimulation was detectable with 1.5 mM NaN3 or 3 mM NaCl and was maximal with 30 mM NaN3 or 60 mM NaCl. The stimulatory effect of NaN3 was not due to ATP-sparing, nor to an altered cyclic adenosine 3':5'-monophosphate recovery. It was independent of the chromatography and assay methods used, and was therefore not due to procedural artifact. Fluoride-stimulated cyclase activity was enhanced by salts to a greater degree than were 5'-guanylylimidodiphosphate-, glucagon-, or (prostaglandin E1 + GTP)-stimulated activities. The effects of NaN3 were not the result of significant changes in the enzyme's responses to GTP, which increased basal and glucagon-stimulated activities but inhibited F--stimulated activity. The effects of NaN3 were greater when cyclase was assayed with Mn2+ than with Mg2+. The facilitatory effect of NaN3 or NaCl on fluoride-stimulated adenylate cyclase activity was partially reversible as was the stimulatory effect of fluoride in the presence of NaN3. Enhancement of hormonal stimulation by NaN3 was also demonstrable with cardiac and adipose tissue adenylate cyclase. However, NaN3 did not stimulate detergent-dispersed adenylate cyclases from either liver plasma membranes or brain. The data suggest that stimulation of adenylate cyclase by salts may require the added presence of other stimulatory agents and an intact membrane structure.